A survey of musculoskeletal problems among visual display unit (VDU) users was carried out in a bank using a self-administered questionnaire. The prevalence of complaints in various body parts were: neck-31.4%, back 30.6%, shoulder-16.5%, hand and wrist-14.9% and arm-6.6%. Frequent users of VDU had significantly more musculoskeletal problems in the neck and shoulder regions than infrequent users. Individual musculoskeletal complaints were associated with various risk factors including personal attributes, working posture, repetitive movements and work station design. Back, neck and shoulder problems were more related to unfavourable working postures, while arm, hand and wrist problems were more affected by repetitive movements. Some risk factors for musculoskeletal problems were specifically related to the nature or design of VDU work. Modification of the workstation design and improvement in work organization should be able to reduce the prevalence of these disorders.
INTRODUCTION
Working with visual display units or terminals (VDU or VDT) has been associated with a high prevalence of musculoskeletal complaints among VDU users in many industrialized countries. 1 " 5 Rowe et al. reported annual incidence rates of around 15% for repetitive strain injuries among a group of office clerical workers using VDT. 6 Some investigators showed that heavy VDU users had in general more musculoskeletal complaints than light users 7 
"
9 and the increase in prevalence of musculoskeletal discomfort was found to be directly related to the number of hours of daily VDU use. 5 Other investigators suggested that limiting the number of daily VDU working hours to less than four would not necessarily protect against the development of musculoskeletal discomfort. 10 Various factors have been incriminated in the development of musculoskeletal disorders among VDU workers. Females in general reported more symptoms,"
1 ' 2 which might be attributable to the different types of tasks (monotonous, keyboard intensive) and the length of time on the VDUs. Ong and Phoon 13 showed that visual and musculoskeletal stress were more pronounced among older VDU operators. On the other hand, Sauter et al. showed that musculoskeletal discomfort was not affected significantly by biodemographic parameters. 14 Smoking and drinking were not associated with musculoskeletal discomfort, 1 whereas those wearing glasses at work had significantly more musculoskeletal complaints. 15 Work load and repetitive movements were important risk factors as were the ergonomic design of the work station. Laeubli found that the frequency of arm pain was related to the number of daily key strokes. 3 Sauter demonstrated that the configuration elements of work station and anthropometric angles and distances accounted for 17% and 38% respectively of variance in the multiple regression analyses for discomfort in the arms, legs, back and neck 14 whereas Pot et al. found that reported complaints were generally weakly correlated with ergonomic parameters. 17 Constrained postures were thought to be important by many investigators 19 and Winkel commented that the ergonomic advantages of improved design of seated workstations could be offset by the increased time spent in the same position. 20 Even though the load (stress) level on muscles and joints was reduced, the increased time spent in the same position could result in increased strain. Pustinger et al. found in their experiment that symptoms were worse in the fixed condition when compared to the adjustable conditions and concluded that when the workstation was adjustable, the subjects performed better in terms of fewer health complaints and fewer episodes of motion that could be attributed to adverse loads on the musculoskeletal systems. 19 The working environment has also been studied. Knave et al. found no significant association of indoor climate with musculoskeletal discomfort, 21 whereas many investigators believe that a poor working environment was responsible.
2 ' 8 ' 17 ' 22 Marriott and Stuchly 8 claimed that the degree to which real physical problems existed was strongly dependent on the work environment as well as the intensity and duration of the use of the equipment and Zeier et al. 12 concluded from their study that work-related musculoskeletal discomfort was a complex phenomenon that could not soley be attributed to VDU use but was related to the entire working environment. High job pressure and work organization were also found to be important. 16 ' 17 Although VDUs have been introduced into most places in Hong Kong, there has been no local study on musculoskeletal discomfort among VDU workers. As this is a common complaint, the identification and effective control of its etiological factors should reduce its prevalence among VDU workers. The objectives of this study therefore, were to find out the prevalence of musculoskeletal problems among VDU users and to identify their risk factors, more specifically the workrelated factors associated with specific musculoskeletal complaints.
SUBJECTS AND METHODS
The study was carried out in an international bank in Hong Kong. Subjects included all staff working in the six departments of the bank in which VDUs were used (n = 151). They were subdivided into two groups, namely the frequent VDU users, including staff working in the data entry, data processing and computer programming departments (ji = 90), who used the VDU for most of their working day and the infrequent users who worked in the other three departmentscable, bills and letter of credit (w = 61). The latter also had other duties in their daily work and the length of VDU work varied from day to day.
A self-administered questionnaire was used to collect information on personal particulars, job nature and characteristics, working posture, experience of musculoskeletal problems and general health conditions, and factors related to workplace and VDU design. The VDU workers were asked if they had ever experienced any discomfort or ache over the back, neck, shoulders, arms or hands and wrists during work after they started on their current job. Undesirable postures which were specifically looked for included frequent bending of the back and inclining the neck forwards. Other workplace risk factors included incorrect chair height and repetitive movement of fingers. The subjects were also asked to make an assessment of the VDU designs including the possibility for adjusting the distance, height and tilt of both the screen and the keyboard. Univariate analyses were performed using x 2 and r-tests to find out the associations between individual musculoskeletal complaints and potential risk factors. Multiple logistic regressions were performed using EGRET to delineate the importance of individual risk factors after adjusting for age and sex and other covariates. Sex and age were entered into all the regressions and the other risk factors that were significant during univariate analyses were entered in a forward stepwise fashion for the regression analyses of individual complaints.
RESULTS
The overall response rate was 80% (121/151). Nine (10%) of the 90 frequent users did not respond because they were on vacation; they were all males aged 21-30. The other 21 non-respondents (34% of the 61 infrequent users) were mostly female staff from the three departments where VDU work was not intensive. Most of them did not respond because their work seldom involved the use of VDU, a few were on vacation and only a minority of the regular VDU users refused to complete the questionnaire.
Characteristics of respondents
Of the 121 respondents, 70 (57.9%) were males and 51 (42.1%) were females. Their ages ranged from 18-41 years with a mean of 26.5 years. Eighty-nine (74%) were between the ages of 21-30. Twenty-six (21.5%) worked in the data entry department, 33 (27.3%) in the data processing department and 22 (18.2%) in the computer programming department, whereas the remaining 40 (33.1%) worked in the other three departments. Most female respondents were employed in the data entry department (41.2%) and the three departments with infrequent VDU work (45.1%), whereas the males worked mainly in the data processing (40%) and computer programming (28.6%) departments. Males had significantly longer mean VDU working experience than females (5.1 years vs. 2.7 years), and they also had longer daily hours of VDU work than females (5.5 hours vs. 4.2 hours). The frequent users had longer mean daily VDU working hours (5.7 hours) when compared to the infrequent users (3.4 hours).
Working conditions and VDU design
Subjective assessment of the working conditions revealed that the majority (92.5%) of the VDU workers I. T. S. Yu and T. W. Wong: Musculoskeletal problems among VDU workers 277 considered their chairs were at a correct height and most of the chairs (94.2%) were adjustable in height. Over half (56.7%) of the chairs were considered to provide adequate back support but only 17.5% had arm rests. On the other hand, the majority (95.8%) of the desks/tables used were not adjustable in height. Only a small proportion of the VDU users were provided with a foot rest (7.5%) or adjustable document holder (14.2%). Over half (58.3%) of the workers claimed that they had to incline their neck frequently during work while over one third (37.5) had to bend their back frequently at work. A similar proportion (35.8%) considered that their work required rapid repetitive movements of their fingers.
Regarding VDU designs, most of the respondents were able to adjust the tilt (90.7%) and the distance of the screen (81.4%), whereas only 54.2% said that they could adjust the height of the screeh. For keyboard adjustment, the corresponding proportions for the tilt, distance and height were 74.8%, 76.3% and 53.4% respectively.
Prevalence of musculoskeletal complaints
Musculoskeletal problems experienced during work after starting the current job were fairly common among the entire group of VDU workers. Thirty-eight (31.4%) had neck pain, 37 (30.6%) had back pain, 20 (16.5%) had shoulder pain, 18 (14.9%) had hand and wrist pain and eight (6.6%) had arm pain. Frequent users had significantly more musculoskeletal problems than the infrequent users in the neck and shoulder regions (Figure 1 ).
Associations between pain and risk factors Back pain was significantly associated with longer VDU working experience, bending back at work, inclining neck at work, incorrect height of chair, fixed keyboard height and fixed screen height. Neck pain was asso- ciated with frequent users, longer VDU working experience, longer daily VDU working hours, bending back at work, inclining neck at work, incorrect height of chair and fixed keyboard height. Shoulder pain was associated with frequent users, bending back at work, fixed distance between user and keyboard, fixed keyboard height and fixed screen height. Arm pain was associated with the female sex, age, repetitive movements of fingers during work and fixed distance between user and screen. Hand and wrist pain were associated with the female sex, bending the back at work and repetitive movements of fingers during work ( Table 1) . The provision of back rests, arm rests and foot rests and the use of document holders or adjustable desks/ tables were not found to have a significant association with any individual musculoskeletal complaints and were not listed in Table 1 .
Logistic regression analyses
After adjusting for sex and age, bending back at work and fixed keyboard height remained significant risk factors for back pain with odds ratios [Exp(B)]of 30.5 and 15.4 respectively.
For neck pain, inclining neck at work (OR = 784.4), fixed keyboard height (OR = 90.1) and frequent VDU use (OR = 28.9) were significant risk factors after adjustment.
For shoulder pain, fixed keyboard height (OR = 8.7), frequent VDU user (OR = 18.8) and bending back at work (OR = 5.1) remained significant risk factors.
Since none of the males were affected by arm pain, logistic regression was performed only on the female subjects. Only repetitive movement (OR = 16.5) remained a significant risk factor for arm pain.
For hand and wrist pain, repetitive movement was not used for adjustment because there was no case among the group who did not report repetitive movement. Female sex (OR = 14.6) and bending back at work (OR = 4.6) remained significant in the logistic regression model
All regression models had a high overall accuracy for prediction varying from 82% to 95% (Table 2) .
DISCUSSION
Musculoskeletal problems were fairly common among the VDU workers surveyed. Back pain and neck pain were present among over 30% of subjects. Shoulder pain and hand and wrist pain were less prevalent and were present in about 15% of subjects. Arm pain was the least common with 6.6% of the subjects being affected. The pattern of distribution of pain in different body parts was very similar to those found in other studies with the back, neck and shoulder regions being most commonly affected, but the prevalence of musculoskeletal problems in the present study compared quite favourably with those reported in Frequent users had more symptoms in all body parts than infrequent users. The difference in prevalence achieved statistical significance for neck pain and shoulder pain. In a Swedish study, 1 Knave et al. found that VDT users tended to have higher scores for discomfort in the shoulders, neck and back. None of the infrequent users suffered from arm pain.
To adjust for confounding factors, logistic regressions were performed to delineate the contribution of each individual risk factor to individual musculoskeietai complaints. For back pain, the factors VDU working experience, bent neck at work, incorrect height of chair and fixed screen height became non-significant in the model after adjusting for sex and age; only the factors bent back at work and fixed keyboard height were important contributory risk factors for back pain. For neck pain, the factors VDU working experience, daily VDU working hours, bent back at work and incorrect height of chair were found not to contribute to the final model after adjustment. Bent neck at work, fixed keyboard height, frequent VDU use and age were important risk factors for neck pain. For shoulder pain, all significant risk factors in the univariate analyses except fixed keyboard distance and fixed screen height remained as important after adjustment and included bent back at work, fixed keyboard height and frequent VDU use. For arm pain, only repetitive movement remained a significant risk factor after adjustment. Sex, 1.T. S. Yu and T W. Wong: Musculoskeletal problems among VDU workers 279 age and fixed screen distance became non-significant in the final regression model. For hand and wrist pain, female sex became the only significant risk factor in the final model. Repetitive movement became nonsignificant and bent back at work did not contribute.
Some of the risk factors found were personal attributes (e.g. sex and age), but others were work-related and the risk of having musculoskeletal pain could be reduced by modifying them. Among this latter category, some were common to many work situations (bent back, bent neck, poor chair), but a few were quite specifically related to the nature or design of VDU work.
All statistical associations detected were biologically plausible. Back pain, neck pain and shoulder pain were associated more with unfavourable and static postures at work whereas pain in the upper limbs was associated more with repetitive movements in VDU work.
Important work factors contributing to pain in the back, neck and shoulder regions can be ameliorated by ergonomic design of the workplace and the VDU station so that an upright working posture can be maintained and the need to incline the neck or bend the back during work can be minimized. Training of the workers in ergonomic principles and proper working postures would also be helpful. Furthermore, problems affecting the upper limbs can possibly be minimized by reducing the demand for repetitive movements through work re-organization, including job rotation and better work-rest cycles. The technical and physical aspects of VDU work in the machine centred mode of evaluation as well as the environmental and psychosocial context in which VDU technology is introduced as emphasized in the human centred mode, should be given due attention. 26 This preliminary study had a number of limitations. The cross sectional nature of the study did not distinguish cause from effect. The sample size was comparatively small and all the study subjects came from one company and thus the result could not be generalized. A number of confounding factors were not explored, including work stress, past injuries, off the job activities, etc. Symptoms were self-reported and were not validated by clinical examination. Most work place factors were subjectively assessed by the subjects and were not substantiated by observations or objective measurements.
Notwithstanding the above limitations, we have shown that musculoskeletal problems was a common complaint among a group of VDU users. A number of work-related risk factors for musculoskeletal complaints have been identified and their elimination should lead to a marked improvement in the health of VDU workers.
